In order to establish a chemical fingerprint of vanilla diversity, thirty samples of V. planifolia J. W. Moore and V. tahitensis G. Jackson cured beans from seven producing countries were examined for their aroma and fatty acid contents. Both fatty acid and aroma compositions were found to vary between vanilla species and origins. Vanillin was found in higher amounts in V. planifolia (1.7-3.6% of dry matter) than in V. tahitensis (1.0-2.0%), and anisyl compounds were found in lower amounts in V. planifolia (0.05%) than in V. tahitensis (1.4%-2.1%). Ten common and long chain monounsaturated fatty acids (LCFA) were identified and were found to be characteristic of the vanilla origin. LCFA derived from secondary metabolites have discriminating compositions as they reach 5.9% and 15.8% of total fatty acids, respectively in V. tahitensis and V. planifolia. This study highlights the role of the curing method as vanilla cured beans of two different species cultivated in the same country were found to have quite similar fatty acid compositions.
Vanilla is a climbing orchid (Orchidaceae) native to South and Central America, known for the sweet flavor of its beans, which is developed during a curing process specific to each producing country [1] .
Vanilla is widely used for its organoleptic properties in the food industry and perfumery, but also as a nutraceutical agent and natural food preservative for its anti-oxidative and digestive qualities [2] . At one time, vanilla was used as an aphrodisiac and valued in the Pharmacopeia as a medicinal plant. It was known for its sedative, diuretic and purifying qualities and as a cicatrizing agent [3] . Present day medicinal research focuses on vanillin [4] , vanilla's main constituent, as an antioxidant and free radical scavenger [5, 6] , anticarcinogenic [7, 8] , anticlastogenic [9] , antimicrobial and antifungal agent [10, 11] .
Until now, chemical studies have focused mainly on molecules contributing to the overall flavor of vanilla. Thus, more than 400 compounds have been identified in vanilla beans [12] [13] [14] [15] [16] [17] and comparative studies focused on the main phenolic compounds contributing to the overall aroma in order to authenticate the origins of the vanilla and to control its quality [18] [19] [20] [21] . Non volatile compounds are also a source of interest in vanilla beans because they contribute to the modification of the flavor perception [22] and to the physical characteristics. Some chemical studies were carried out on the lipid fraction of vanilla [15] and the fatty acid composition was found to be discriminative of vanilla species.
Three main species are cultivated around the world: Vanilla planifolia G. Jackson, Vanilla tahitensis J. W. Moore and Vanilla pompona Schiede with various organoleptic and physical qualities [23] . The main cultivars of Tahitian vanilla (V. tahitensis) produced in French Polynesia are characterized by very original anise notes and oily texture [24] compared with V. planifolia. In order to assess chemical diversity among cured vanilla beans, this work noted the aroma and fatty acid composition of pods from two species and from seven producing countries.
Aroma compounds: Fourteen aroma compounds belonging to five phenolic families (Table 1) have been quantified in cured vanilla pods by HPLC (see chromatogram Figure 1 ). The aroma composition shows great diversity through a differentiation of vanilla species and origins ( components (vanillin, vanillic acid, p-hydroxybenzaldehyde and p-hydroxybenzoic acid) [14, 18, 19, 21, [25] [26] [27] [28] [29] [30] . Likewise, data obtained with Tahitian vanilla for the same molecules plus anisyl and protocatechuyl compounds are consistent with previous studies [19, 21, 28, 31] . Higher aroma contents have been found in the Costa Rican sample analyzed with reference to existing data [18, 21] . Aroma contents are variable from one year to another one and even within samples of the same origin. Therefore, relative contents provided from calculated component ratios, which are more stable, were chosen to carry out statistical analysis. Different ratios have been used previously to authenticate V. planifolia, as reported in literature data [32] . In the same way, preliminary experiments have been performed by repetitive analysis of different cultivars of V. tahitensis (data not shown). Three ratios, respectively R1 (van/phb_ac), R2 (van/anis_ac), and R3 (anis_alc/anis_ac), were found to differentiate the origins and were relatively stable for each origin.
Statistical analysis was performed using six variables composed of three relative contents (vanillin, anisyl alcohol and p-hydroxybenzaldehyde) and three ratios R1, R2 and R3. A graphical representation of the projection of variables and samples on two principal axes is given in Figure 2 , using principal component analysis. Axis 1 is positively loaded with vanillin, R1, R2 and R3, and negatively with anisyl alcohol. V. tahitensis samples are differentiated on this axis and contain, as previously reported, more anisyl molecules (correlated with anisyl alcohol), less vanillyl molecules and, therefore, lower R1 and R2 ratios. The Polynesian cultivars "Tahiti" and "Haapape" have very similar aroma compositions. V. tahitensis PNG samples differ slightly with a lower content of anisyl molecules and a higher content of vanillyl molecules, which may be explained either by agronomic factors or curing method. The V. planifolia group is more heterogeneous due to the various vanilla origins. Reunion Island samples have a higher relative content of vanillin and, therefore, the highest R1 ratio among the V. planifolia samples. The Indian sample contains a relatively smaller proportion of anisic acid and has higher R2 and R3 ratios. Axis 2 is positively loaded with p-hydroxybenzaldehyde. Mexican, Indian and, above all, Costa Rican samples are well differentiated on this axis as they contain relatively higher amounts of p-hydroxybenzaldehyde.
Fatty acids: Six main common fatty acids were quantified by RP-HPLC in vanilla beans, namely: linolenic acid (18:3ω3), linoleic acid (18:2ω6), palmitic acid (16:0), oleic acid (18:1ω9) and a mixture of stearic-erucic acids (18:0-20:1ω9) that cannot be well-resolved with this chromatographic system (Figure 3 ). Besides these common fatty acids, four very long-chain monounsaturated fatty acids (LCFA) were identified by HPLC: nervonic acid (24:1ω9), ximenic acid (26:1ω9), octacosen-19-oic (28:1ω9) and lumequeic acid (30:1ω9); these are rarely found in plants. The identification of the major fatty acids (linoleic, palmitic, oleic, stearic, erucic and nervonic acids) was confirmed by gas chromatographic analysis, and the complex formed by stearic and erucic acids was resolved and found to be in a ratio of 9/1. The relative fatty acid composition varies with both vanilla species and origins (Tables 3 and 4 ). The major vanilla fatty acids are linoleic, palmitic and oleic acids, which represent 75% to 92% of the total fatty acid content, confirming previous studies [15] . Almost all fatty acid contents differ with vanilla origins, especially the LCFA. These compounds are characteristic of the species and represent a significant part of the V. tahitensis and V. planifolia fatty acid content, reaching, respectively 5.9% and 15.8% of the total fatty acids, with the main contribution from nervonic acid. Higher amounts of LCFA have been previously reported by GC analysis [15] . LCFA content is supposed to be related to secondary metabolites such as β-diketones [33] . So, LCFA variations observed within species could be more important than those of the common fatty acids.
The average content of V. planifolia fatty acids ranges from 1.5% to 2.4% of dry matter. V. tahitensis pods have higher fatty acid contents than most V. planifolia samples, which underlines its oilier aspect. V. tahitensis samples have a fatty acid composition distinctive from that of V. planifolia, with a high content of common fatty acids (more than 94%) and Brunschwig et al.
about 4%-6% of LCFA. These data are consistent with previous work [15] , even though results were obtained using different analytical methods. The previously reported V. tahitensis data correspond probably to a cultivar which may be close to the cultivar "Tahiti" ( Table 4 ).
As with the aroma compounds, the relative contents of fatty acids were chosen for statistical analysis. The data set used was composed of 8 variables: 6 independent (not correlated) relative contents and 2 discriminating ratios, Ra (18:1ω9/16:0) and Rb (28:1ω9/18:0). A graphical representation of the projection of variables and samples on two principal components is given in Figure 4 , using principal component analysis. 
Extraction, fatty acids HPLC and GC analysis:
To determine water content and fatty acid composition, beans were dried at 105°C in an oven for 24 h. Then, they were ground and macerated in chloroform overnight at room temperature. Two lipid extractions were performed, at room temperature, successively for 4 and 2 h. The extracts were gathered and rinsed with NaCl (0.58%) and the solvent was then removed by vacuum distillation at 40°C. The extract was hydrolyzed at 70°C with NaOH (0.5 mol.L -1 in methanol/water: 90/10) [34] and the unsaponifiable fraction was removed [15] . The fatty acids were dissolved in n-hexane and derivatized into phenacyl esters with α-bromoacetophenone and triethylamine at 100°C [35, 36] . Identification of major fatty acids was confirmed by gas chromatographic analysis. Phenacyl esters were separated by preparative HPLC using the same system as described above and a reversed phase column (C18 250*10 mm, 5 µm). They were then transmethylated into FAME and analyzed with a Hewlett Packard 5890 series apparatus equipped with a flame ionization detector (FID) and a fused silica capillary column (30 m long, 0.25 mm i.d) coated with Carbowax (CW 20M, 0.2 µm phase thickness). Helium was used as the carrier gas at 1 mL/min. The temperature of the oven was set at 60°C for 3 min, raised to 140°C at 40°C/min, then raised to 230°C at 1.6°C/min and held at this temperature for 15 min.
The detector and injector temperatures were 250°C. FAME were identified using injection of authentic standard compounds and comparison of Equivalent Chain Length values with literature data [15] .
Statistical analysis:
For aroma compounds, statistical analysis was performed using the HPLC data set composed of the 30 vanilla samples, 3 variables of relative aromatic content and 3 discriminating ratios. For fatty acids, statistical analysis was performed on the same vanilla samples using 6 variables of FA relative composition and 2 variables of discriminating ratios. Data were processed with the Statistica program '98 edition (Statsoft, France)
